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Thesis summary 

 

Due to the technological advancements in electronics over the past decade, which have 

enabled the use of billions of transistors on a single integrated circuit [1,2], there has been an 

exponential development of computing microsystems, processors, and microcontrollers. With a 

high-performance computing system, offering miniaturization and custom design capabilities, 

fields based on integrated circuits (IC) have also seen consistent progress in recent years. For 

example, the laser industry is currently developing laser beam generation systems with powers in 

the petawatt range [3], used in nuclear physics, based on the method of “generating ultra-short 

high-intensity optical pulses” proposed by Gérard Mourou and Donna Strickland in 2018 [4]. 

Another major benefit brought by the evolution of electronics and its accessibility to the 

general public is represented by medical monitoring devices, such as smart bracelets and watches, 

which contain miniature sensors and specialized algorithms for measuring stress levels, blood 

oxygen saturation, heart rate, and, last but not least, sleep quality. Innovation also continues in the 

field of specialized medical systems, such as teleoperated robots for complex surgical procedures 

[5–7], as well as in manually operated medical devices, which now benefit from assistance systems 

and active vibration damping mechanisms [8–10]. 

This work proposes a combination of two fields—lasers and medicine—by analyzing and 

designing a manually operated laser device with primary applications in microsurgery. The system 

aims to fully exploit the essential features of lasers in medical applications: contactless surgery, a 

focal spot in the tens of microns range, high pulse power, and high repetition rates. The laser device 

will be equipped with a vibration compensation system to ensure a precise, ultra-stable surgical 

procedure. 

Current microsurgical systems rely on the surgeon's ability to perform extremely fine 

movements with minimal vibration at the end effector. This requirement imposes the need for 

highly skilled personnel and limits work duration, the types of microsurgical procedures, and the 

quality of those performed. Therefore, efficiently reducing involuntary or unwanted movement in 

microsurgery (the surgeon’s hand tremor) would not only improve the accuracy of current 

procedures but could also open the path to new types of surgeries. Moreover, creating a mobile 

operating device would increase the surgeon’s flexibility and enhance the possibility of performing 

procedures in economically disadvantaged or resource-limited areas. 



 

 

Vitreoretinal microsurgery has been the primary driver of laser beam applications in 

surgery because it is among the most demanding specialties in terms of precision manipulation 

and, until now, has required robotic positioning systems. Transitioning from mechatronic-assisted 

to manual operation imposes limitations on working precision due to the human body's anatomical 

construction. These limitations are largely due to what is called physiological tremor—an 

involuntary, oscillatory, and rhythmic movement resulting from alternating contractions of agonist 

and antagonist muscles, triggered by signals from the nervous system [11,12]. By using a sensory 

system to measure such signals, various active damping mechanisms can be employed to suppress 

the tremor and improve surgical accuracy. For optimal mechanical structure and actuation method 

determination, it is necessary to analyze existing positioning solutions that allow for 

miniaturization. 

As a result, the objectives of this doctoral thesis are as follows: 

• Analysis of the problem (physiological tremor) 

• Analysis of tremor compensation methods 

• Analysis of mechanical systems used for vibration damping 

• Analysis of actuation methods and mathematical modeling 

• Design of a macro-scale prototype 

• Evaluation of miniaturization possibilities 

This work presents a theoretical and experimental analysis of the development of a 

demonstrative device for active hand tremor suppression. The optomechatronic device is intended 

for medical applications, where even small tremor amplitudes have a significant impact. To 

develop such a device, Chapter 1 includes a thorough analysis of the existing literature on vibration 

compensation systems and currently available commercial devices. Based on studies mentioned in 

references [6–16], the dynamic parameters that describe the hand's oscillatory movement—i.e., 

tremor—have been identified, along with the input parameters required for the vibration 

compensation system. Given the medical field in which the proposed device is intended to be used, 

the research focuses on compensating micrometric amplitude vibrations (approximately 150 µm 

peak-to-peak) within a frequency band of 5 to 15 Hz. 

From the analysis of the existing literature, two main research directions have emerged: 

1. Selecting suitable sensors and implementing digital signal processing to determine the 

direction, phase, and amplitude of oscillations. 



 

 

2. Developing a micro-positioning system capable of performing minimal displacements of 

300 µm (±150 µm) and providing excellent dynamic response within the tremor-specific 

frequency band. 

Chapter 2 begins by introducing a novel experimental method to measure hand tremor, 

confirming the specialized literature reviewed in Chapter 1. Although the test subjects were not 

trained surgeons, the results confirmed the frequency band and determined a translational vibration 

amplitude of 150 µm and a maximum hand rotation angle of 0.3°. After the experimental tremor 

analysis, the chapter discusses potential compensation scenarios for different device types that 

could be developed. 

The compensation scenarios presented in Chapter 2 consider various configurations and 

geometries for the optomechatronic device. 3D printing of these prototypes played a key role in 

continuing the research and contributed to a better understanding of the phenomenon. 

In Chapter 3, the structure and geometry of the compensation device are defined, and the 

development of a demonstrative system is proposed to illustrate the physical phenomenon as 

clearly as possible. A macro-scale system was chosen, incorporating a compliant amplification 

mechanism specifically designed and developed for the intended application. 

Theoretical analysis, both through analytical mathematical modeling and more advanced 

methods such as finite element analysis (FEA), confirms the feasibility of the proposed 

compensation principle and supports the transition to experimental system analysis. Furthermore, 

the comparison of theoretical analysis methods confirms their validity, with modeling errors below 

3%. 

Chapter 4 addresses the experimental analysis of the mechanical subassemblies of the 

device from structural, static, and dynamic perspectives. It begins with the practical realization 

and analysis of the mechanical amplifiers. The experimental results, obtained through innovative 

testing techniques (displacement mapping via Digital Image Correlation using the ZEISS 

ARAMIS system combined with a loading machine) as well as traditional modal analysis setups, 

confirm the correlation with the theoretical analysis from the previous chapter. 

Static and dynamic transmissibility analysis of vibrations showed errors of 8% and 3.2%, 

respectively, confirming that the control structure was properly designed and can be used for the 

final assembly and demonstration of the compensation principle. Frequency response analysis 

demonstrated that the resonance frequencies of the mechanism and its subassemblies do not 



 

 

interfere with the critical operational frequency band of the final application. It was confirmed that 

the mechanism and piezoelectric actuators can be successfully integrated into the laser positioning 

device, ensuring the precision and stability required for developing the prototype of the laser 

scalpel with active hand tremor suppression. 

Chapter 5 presents the final assembly and theoretical analysis of the joints connecting the 

device's moving parts. The central joint was designed to minimize the laser scalpel’s diameter, 

allow the laser diode to rotate at a minimum angle of 0.2°, and include an inner tube for routing 

power and control wires. 

The spherical joints (metal wires) required additional experimental testing due to 

computational limitations. This involved experimentally determining the final positions of the 

contact points between the piezoelectric actuator and the two arms of the mechanical amplifier 

(lower and middle arms). Using these points as input for the finite element analysis enabled sizing 

the height of the metal wire that serves as a spherical joint and allowed completion of the final 

assembly. 

Chapter 6 presents the verification of the vibration compensation hypothesis using a 

dedicated experimental stand. The most complex part is the post-processing of images that capture 

laser spot displacement and the analysis of this displacement through various stages. 

System calibration plays a crucial role in validating the measurements and is the first step 

in verifying the compensation hypothesis. The displacement-voltage characteristic indicates the 

maximum tilt angle obtained, and the manual compensation strategy analysis confirms an 

approximately 70% reduction in the vibration effect on the laser spot. 

After confirming the vibration reduction hypothesis, Chapter 7 discusses the compensation 

strategy for the developed structure and analytically determines the relationships between 

translational and rotational vibration amplitudes and the rotation angles of the mobile platform. 

Based on these compensation relationships and the system geometry, a future miniaturized 

version of the device can be developed, streamlining the development process. The system of 

equations must be integrated into the final compensation algorithm, along with experimentally 

derived relationships discussed in Chapter 8. 

Chapter 8 contains the experimental analysis of vibration transmissibility for a single 

amplifier and the compensation method for the target frequency band. This test determines the 

compensation signal’s actual frequency, amplitude, and phase shift relative to the input signal. The 



 

 

test stand is automated using a custom LabVIEW program, and post-processing of acquired data 

was performed in MATLAB. 

All these tests confirm, both at subsystem and system levels, that the concept proposed at 

the beginning of the research is feasible and can be implemented in future specialized microsurgery 

devices. This approach would significantly improve surgical performance and may also open the 

path for new procedures currently performed exclusively by robots. 

Future research should focus on system miniaturization and the development of a complete 

computational algorithm. Eliminating the amplification mechanism and introducing more compact 

actuators with equivalent travel is essential to match the form factor of current laser scalpels. Based 

on the theoretical (mathematical model) and experimental research presented in this work, the 

development of such an optomechatronic device for medical use can be significantly accelerated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

References 

1.  Porter, J. Apple Says New Arm-Based M1 Chip Offers the ‘Longest Battery Life Ever in 

a Mac’ Available online: https://www.theverge.com/2020/11/10/21558095/apple-silicon-m1-

chip-arm-macs-soc-charge-power-efficiency-mobile-processor (accessed on 14 May 2025). 

2.  Frumusanu, A. Huawei Announces Mate 40 Series: Powered by 15.3bn Transistors 5nm 

Kirin 9000 Available online: https://www.anandtech.com/show/16156/huawei-announces-mate-

40-series (accessed on 14 May 2025). 

3.  World’s Most Powerful Laser Developed by Thales and ELI-NP Achieves Record Power 

Level of 10 PW | Thales Group Available online: 

https://www.thalesgroup.com/en/group/journalist/press-release/worlds-most-powerful-laser-

developed-thales-and-eli-np-achieves (accessed on 14 May 2025). 

4.  The Nobel Prize in Physics 2018 Available online: 

https://www.nobelprize.org/prizes/physics/2018/summary/ (accessed on 14 May 2025). 

5.  Lanfranco, A.R.; Castellanos, A.E.; Desai, J.P.; Meyers, W.C. Robotic Surgery: A Current 

Perspective. Ann. Surg. 2004, 239, 14–21, doi:10.1097/01.sla.0000103020.19595.7d. 

6.  Rusch, M.; Hoffmann, G.; Wieker, H.; Bürger, M.; Kapahnke, S.; Berndt, R.; Rusch, R. 

Evaluation of the MMI Symani® Robotic Microsurgical System for Coronary-Bypass 

Anastomoses in a Cadaveric Porcine Model. J. Robot. Surg. 2024, 18, 168, doi:10.1007/s11701-

024-01921-x. 

7.  Probst, P. A Review of the Role of Robotics in Surgery: To DaVinci and Beyond! Mo. 

Med. 2023, 120, 389–396. 

8.  MacLachlan, R.A.; Becker, B.C.; Tabares, J.C.; Podnar, G.W.; Lobes, L.A.; Riviere, C.N. 

Micron: An Actively Stabilized Handheld Tool for Microsurgery. IEEE Trans. Robot. 2012, 28, 

195–212, doi:10.1109/TRO.2011.2169634. 

9.  Yang, S.; MacLachlan, R.A.; Riviere, C.N. Manipulator Design and Operation of a Six-

Degree-of-Freedom Handheld Tremor-Canceling Microsurgical Instrument. IEEEASME Trans. 

Mechatron. 2015, 20, 761–772, doi:10.1109/TMECH.2014.2320858. 

10.  Becker, B.C.; MacLachlan, R.A.; Lobes, L.A.; Riviere, C.N. Semiautomated Intraocular 

Laser Surgery Using Handheld Instruments. Lasers Surg. Med. 2010, 42, 264–273, 

doi:10.1002/lsm.20897. 



 

 

11.  Anouti, A.; Koller, W.C. Tremor Disorders. Diagnosis and Management. West. J. Med. 

1995, 162, 510–513. 

12.  Everything You Need to Know About Tremors Available online: 

https://www.healthline.com/health/tremor (accessed on 10 July 2021). 

13.  Tremorul esențial, o boală progresivă cu prognostic bun, la o diagnosticare corectă și un 

tratament adecvat - Viața Medicală Available online: https://www.viata-medicala.ro/ars-

medici/tremorul-esential-o-boala-progresiva-cu-prognostic-bun-la-o-diagnosticare-corecta-si-un-

tratament-adecvat-14640 (accessed on 14 May 2025). 

14.  Ang, W.T.; Pradeep, P.K.; Riviere, C.N. Active Tremor Compensation in Microsurgery. 

In Proceedings of the The 26th Annual International Conference of the IEEE Engineering in 

Medicine and Biology Society; IEEE: San Francisco, CA, USA, 2004; Vol. 3, pp. 2738–2741. 

15.  Sandoval, R.; MacLachlan, R.A.; Oh, M.Y.; Riviere, C.N. Positioning Accuracy of 

Neurosurgeons. In Proceedings of the 2007 29th Annual International Conference of the IEEE 

Engineering in Medicine and Biology Society; IEEE: Lyon, France, August 2007; pp. 206–209. 

16.  Song, C.; Gehlbach, P.L.; Kang, J.U. Active Tremor Cancellation by a “Smart” Handheld 

Vitreoretinal Microsurgical Tool Using Swept Source Optical Coherence Tomography. Opt. 

Express 2012, 20, 23414, doi:10.1364/OE.20.023414. 

17.  Khalkhal, E.; Rezaei-Tavirani, M.; Zali, M.R.; Akbari, Z. The Evaluation of Laser 

Application in Surgery: A Review Article. J. Lasers Med. Sci. 2019, 10, S104–S111. 

18.  Brochure_wiser_3. Available online: https://www.doctor-smile.com/wp-

content/uploads/2024/03/1.-Brochure_Wiser-3_EN.pdf (accessed on 14 May 2025) 

19.  Nd:YAG Laser Limax® 120 Available online: 

https://www.klsmartin.com/en/products/surgical-laser-systems/diode-pumped-ndyag-laser/limax-

120/ (accessed on 14 May 2025). 

20.  Advanced CO2 Laser Systems » OmniGuide Surgical. OmniGuide. Available online: 

https://www.omni-guide.com/technology/co2/ (accessed on 14 May 2025) 

21.  Instrumentation for Advanced Energy CO2 Lasers » OmniGuide Surgical. OmniGuide. 

Available online: https://www.omni-guide.com/technology/co2/instrumentation/ (accessed on 14 

May 2025) 



 

 

22.  LS-1005 - Surgical / Dental CO2 Laser System. LightScalpel. Available online: 

https://www.lightscalpel.com/products/co2-lasers/ls-1005-soft-tissue-dental-surgical-laser/ 

(accessed on 14 May 2025) 

23.  Huen, D.; Liu, J.; Lo, B. An Integrated Wearable Robot for Tremor Suppression with 

Context Aware Sensing. In Proceedings of the 2016 IEEE 13th International Conference on 

Wearable and Implantable Body Sensor Networks (BSN); June 2016; pp. 312–317. 

24.  Rocon, E.; Belda-Lois, J.M.; Ruiz, A.F.; Manto, M.; Moreno, J.C.; Pons, J.L. Design and 

Validation of a Rehabilitation Robotic Exoskeleton for Tremor Assessment and Suppression. IEEE 

Trans. Neural Syst. Rehabil. Eng. 2007, 15, 367–378, doi:10.1109/TNSRE.2007.903917. 

25.  Zhou, Y.; Jenkins, M.E.; Naish, M.D.; Trejos, A.L. Development of a Wearable Tremor 

Suppression Glove. In Proceedings of the 2018 7th IEEE International Conference on Biomedical 

Robotics and Biomechatronics (Biorob); August 2018; pp. 640–645. 

26.  Liftware - Eat with Confidence Available online: https://www.liftware.com/ (accessed on 

10 July 2021). 

27.  Ondo, W.; Hashem, V.; LeWitt, P.A.; Pahwa, R.; Shih, L.; Tarsy, D.; Zesiewicz, T.; Elble, 

R. Comparison of the Fahn-Tolosa-Marin Clinical Rating Scale and the Essential Tremor Rating 

Assessment Scale. Mov. Disord. Clin. Pract. 2018, 5, 60–65, doi:10.1002/mdc3.12560. 

28.  Taylor, R.; Jensen, P.; Whitcomb, L.; Barnes, A.; Kumar, R.; Stoianovici, D.; Gupta, P.; 

Wang, Z. A Steady-Hand Robotic System for Microsurgical Augmentation. 11. 

29.  Alamdar, A.; Usevitch, D.E.; Wu, J.; Taylor, R.H.; Gehlbach, P.; Iordachita, I. Steady-

Hand Eye Robot 3.0: Optimization and Benchtop Evaluation for Subretinal Injection. IEEE Trans. 

Med. Robot. Bionics 2024, 6, 135–145, doi:10.1109/tmrb.2023.3336975. 

30.  Acemoglu, A.; Deshpande, N.; Mattos, L.S. Towards a Magnetically-Actuated Laser 

Scanner for Endoscopic Microsurgeries. J. Med. Robot. Res. 2018, 03, 1840004, 

doi:10.1142/S2424905X18400044. 

31.  Renevier, R.; Tamadazte, B.; Rabenorosoa, K.; Tavernier, L.; Andreff, N. Endoscopic 

Laser Surgery: Design, Modeling, and Control. IEEEASME Trans. Mechatron. 2017, 22, 99–106, 

doi:10.1109/TMECH.2016.2595625. 

32.  Kamble, H.C.; Ahuja, B.B.; Masurkar, K.; Kulkarni, E. Mechatronics Device for Tremor 

Sensing and Cancellation for Accuracy Enhancement in Microsurgeries. In Proceedings of the 



 

 

2014 International Conference on Advances in Engineering Technology Research (ICAETR - 

2014); August 2014; pp. 1–4. 

33.  Model 356B11 | PCB Piezotronics Available online: 

https://www.pcb.com/products?m=356b11 (accessed on 14 May 2025). 

34.  Cernat, R.; Matei, C.E.; Olteanu, L.; Riviere, C.N.; Dumitraş, D.C. Acousto-Optic Laser 

Beam Deflection for Compensation of Hand Tremor.; Dumitras, D.C., Dinescu, M., Konov, V.I., 

Eds.; March 16 2007; pp. 66061M-66061M – 5. 

35.  U-Xuan Tan; Win Tun Latt; Cheng Yap Shee; Wei Tech Ang Design and Development of 

a Low-Cost Flexure-Based Hand-Held Mechanism for Micromanipulation. In Proceedings of the 

2009 IEEE International Conference on Robotics and Automation; IEEE: Kobe, May 2009; pp. 

4350–4355. 

36.  Riviere, C.N.; Rader, R.S.; Thakor, N.V. Adaptive Canceling of Physiological Tremor for 

Improved Precision in Microsurgery. IEEE Trans. Biomed. Eng. 1998, 45. 

37.  Yang, S.; MacLachlan, R.A.; Martel, J.N.; Lobes, L.A.; Riviere, C.N. Comparative 

Evaluation of Handheld Robot-Aided Intraocular Laser Surgery. IEEE Trans. Robot. Publ. IEEE 

Robot. Autom. Soc. 2016, 32, 246–251, doi:10.1109/TRO.2015.2504929. 

38.  Iordachita, I.I.; de Smet, M.D.; Naus, G.; Mitsuishi, M.; Riviere, C.N. Robotic Assistance 

for Intraocular Microsurgery: Challenges and Perspectives. Proc. IEEE Inst. Electr. Electron. Eng. 

2022, 110, 893–908, doi:10.1109/JPROC.2022.3169466. 

39.  Thamm, O.C.; Eschborn, J.; Schäfer, R.C.; Schmidt, J. Advances in Modern Microsurgery. 

J. Clin. Med. 2024, 13, 5284, doi:10.3390/jcm13175284. 

40.  A Wearable System for Attenuating Essential Tremor Based on Peripheral Nerve 

Stimulation. IEEE J. Transl. Eng. Health Med. 2020, 8, 2000111, 

doi:10.1109/JTEHM.2020.2985058. 

41.  Lora-Millan, J.S.; Delgado-Oleas, G.; Benito-León, J.; Rocon, E. A Review on Wearable 

Technologies for Tremor Suppression. Front. Neurol. 2021, 12, 700600, 

doi:10.3389/fneur.2021.700600. 

42.  Nita, E.I.; Coanda, P.; Comeaga, D.C. Laser Surgical Devices with Optical Solution for 

Damping Physiological Tremor. In Proceedings of the Advances in 3OM: Opto-Mechatronics, 

Opto-Mechanics, and Optical Metrology; Rolland, J.P., Duma, V.-F., Podoleanu, A.G.H., Eds.; 

SPIE: Timisoara, Romania, May 6 2022; p. 52. 



 

 

43.  Comeaga, C.D.; Nita, E.I.; Gramescu, B. Tremor Orientation and Compensation System in 

Laser Medical Equipment - Part 1. In Proceedings of the 2021 12th International Symposium on 

Advanced Topics in Electrical Engineering (ATEE); IEEE: Bucharest, Romania, March 25 2021; 

pp. 1–6. 

44.  Comeaga, C.D.; Nita, E.I.; Coanda, P. Tremor Orientation and Compensation System in 

Laser Medical Equipment - Part II. In Proceedings of the 2021 12th International Symposium on 

Advanced Topics in Electrical Engineering (ATEE); IEEE: Bucharest, Romania, March 25 2021; 

pp. 1–6. 

45.  Niță, E.; Comeaga, D.; Apostol, D.; Duma, V.-F. Development of a Laser Surgical Device 

with Vibration Compensation: Mechanical Design and Validation of Its Compliant Mechanism. 

Appl. Sci. 2025, 15, 3686, doi:10.3390/app15073686. 

46.  P-007 – P-056 PICA Stack Piezo Actuators Available online: 

https://www.physikinstrumente.com/en/products/piezoelectric-transducers-actuators/p-007-p-

056-pica-stack-piezo-actuators-102600 (accessed on 14 May 2025). 

47.  Amplified Piezoelectric Actuators – up to 2mm (2000µm) Travel Available online: 

https://www.pi-usa.us/en/products/piezo-actuators-stacks-benders-tubes/amplified-piezo-

actuators (accessed on 4 July 2025). 

48.  Liu, C.; Bi, Z.; Ran, J.; Gu, J.; Wang, X.; Zhang, C. Modelling and Verification of Fatigue 

Damage for Compliant Mechanisms. Robotica 2019, 37, 1–17, doi:10.1017/S0263574718000838. 

49.  Lobontiu, N. Compliant Mechanisms: Design of Flexure Hinges; CRC Press: Boca Raton, 

2003; ISBN 978-0-8493-1367-7. 

50.  Lobontiu, N.; Gress, T.; Munteanu, M.Gh.; Ilic, B. Stiffness Design of Circular-Axis 

Hinge, Self-Similar Mechanism With Large Out-of-Plane Motion. J. Mech. Des. 2019, 141, 

092302, doi:10.1115/1.4042792. 

51.  Ashino, R.; Nagase, M.; Vaillancourt, R. Behind and beyond the Matlab ODE Suite. 

Comput. Math. Appl. 2000, 40, 491–512, doi:10.1016/S0898-1221(00)00175-9. 

52.  Image Processing Toolbox Available online: 

https://www.mathworks.com/products/image-processing.html (accessed on 14 May 2025). 

53.  García-de-Villa, S.; Jiménez-Martín, A.; García-Domínguez, J.J. Novel IMU-Based 

Adaptive Estimator of the Center of Rotation of Joints for Movement Analysis. IEEE Trans. 

Instrum. Meas. 2021, 70, 1–11, doi:10.1109/TIM.2021.3073688. 



 

 

54.  ICM-42688-P. TDK Inven. Available online: https://invensense.tdk.com/products/motion-

tracking/6-axis/icm-42688-p/ (accessed on 14 May 2025) 

 


